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Table 1 Comparative study (DL vs ML) on fake review detection
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Figure I Traditional Machine Learning vs Deep Learning
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Figure 2 A Diagram of a DL model

Layers

Input Layer Hidden Layer 1 | Hidden Layer 2 | Output Layer

Neuron +—> Neuron
Inout T~ Neuron  weight 1 \ Neuron [-Output®»
w2 //7
\ Neuron Neuron
| ~
InputT—» Neuron Neuron |-Output»
Y
weight 4 /'
~

’\ /
Neuron t+— Neuron

S

Data Flow Direction
"#$%&'@*3456!78+9'%0:;*+94+<!="$%0*31=";>#%5!="$#+.?@

N&#1/%3&5#FGBIGH#HAGH <%&A%T730-%&1 7#&* 3/17#&* OBAG) EXRRE SID 1790 A*5#0%#

")



gt 1174 0%#653<*# A*<0%/# [*=/* *&010-%&.# %9# DY%/5 # 185HTIESRMLYBF0.# Y&t
AL/-%3.#8&103/17#718'31*#=/%HTL BRIMBPH S$6# <%4438&-0"#D1.#-&-0-177"# E*=0-<17#11%30#
D)*0)*/# 0%# 15%=0#0)*# (S S# 4*DEHBF1 <E*5# <%&9-5+* QY HLEH#9-0.# %694 15%=0-%&# . %#0) 10#
0)*HSSH 4*0)%5#5-5# &Y60# 1*<%4*# 5%4-8180# -&# 0)*# S$6# ESHBEIONT $* (3&1# FGHHQ
e1/-%3.# $# 1/<)-0%<03/*.# Y LA I**&#t </*10*5# -&<*# 0)*&I# .3<)# 1.# 0)# >$6l# (SSI# :SSIH#
*Q1%55-8' #O/%AH#T18 31 *#A%5*TH#P\$>%QI# *&*/10-MH=K-& H#PK6 2 RBH# 418 H#AYo*BEN
V<0%!*HEGHBADA 1&'31*#/*=/* *&010-%&HHPAS 17 TEGRHD 1 #</*10*5|# 1 &5HK %% 7*#+N#
[* *¥1/<)*] #.)%DHO0) LO¥H=/D/1-&*5# L\: 24 4%5*TH< 1 &# 1*HOBR5#D-0)#J3.0#%&*# 155-0-%& 1 7#
0%630=30# 7% </*10*# Qb@)*CLIO#A%5*7 #9%/# 1HDEBH % 9# S$6#01.E.1#.3<)# 1.#:3*.0-%8&#
18.D*/-& #1188 1831 *H#-89** &P AT-&H*0H 1 TMIMIGEVRA FOTHL * L\ 2#D L #1*7-*A*5#
0%6##1*#Y68*H#Y6OHO)*H#4%. OH-4=%/01&O#!/* 1E0)/%3"). #-&MD)*#S$6#1/*1
L*<13.*#0)*"#-&<735*#*00/1<0-&'#9*103/* #9/%4# /* A-*DH<%&O*&OH 9L E*# /*A-*DH5*0*<0-% &
917 7#-8H0)*#S$6# 1/*LM#>*1&D)-7*[#OLE*#/*A-*DH#5*0*<0-%08&H- #17 Yot 1+ HEBHOSHRE <13 *#
3.3177"#*&'1™* #-&#A1& HY60)*/#100/-130% #.3<)#1 #*A-*D*/#1*) L A-%/#1&5H#=/%5 3< -8 9%/410-%&
SH# 0%<)&-;3*.# 0*&5# 0%# 6TAH O)# <71..-9-<10-%&H# =/%I!T*4# *&5# O0%# *&5M# 2*O0# |
<71..-9-<10-%&#)1 #!%&*0-0%5#9/%AH# ) # /*<*&OH# *.3/*&<*# %Ot , St -OPO%O*&0-177"#
7*15#0%#)-)#1<<3/1<"#D-0)#7*. #9*103/*#*&'-&**|-& MH#8Y%/#.=14#/* A-*DH#5*0*<0-%& 1#,$#17'%/-0)
[%:3-1*# 43<)# 4%/*# 0/1-&-&'# 5101# 0) 1&# 0/15-0-%& 1 7# >$# 1 BOGHDYANBY*# )*7=# %O# &*D#
4*0)9%5.#.3<)#1.#B%/5Fe*<#0) 10#%!01-&H#*00* MA* £QOABI Y& #I%/HD%I/5 I# $#17'%/-0)4 #
<1&# -A=I%A*# O)*# 1<<3/1<"# %O# <T1..-O-*/.1# *A*&# D-0)# O)*# .14*# 14%GRBHIHOIH 51014
17'%/-0)443.* M# 2%# 0)*# 130)%/R # E&D7*5"*I# 1==7"-&'# $H# AOQ)B HOYBH 5*0*<0-%0&H
O1.E.#<1&%# 1" .035-*5# 93/0)*/1# 1*<13.*# BEIHELE* H# ) LA 0%<3.*5# % &P QY& *0# 17TMI#

FGH W#[*&&*5"#*0# 1 7TMI#FGH W# *&#f#g-I#FGH_W#:31&#*0#17MI#FGFGW)BBTIH-1/#*0#17M!

#@



*0#17MI#FGH WH?1& #* 07 MI#FGHaQ
?2)-#.3! *<0-Uo8H<VMN**#,$#1/<)-0*<03/*.[#>$6I#$2 2> I#1&5HL\: ?1#D)- LR 10/% 4t

~A=T*#0%#<%4WH*O
HIHIQIGKD:2;:0734%S3473124@9%00K!SP

N&H#0)-.#.035" 1#>86H5*7 #/*0%/#0YHBYL &-77 Lu# $HA%5*7 #D-0)#4370-= T HIHSEVHD)
=/ <*=0/ VDY # &34/ # Vo8B *3/%08. # -&H* 1 <)H#)-55*&H T1"*1# L&5H0) H &IM*HYOH 71" #1144 *OH"#
[* *¥1I<)* ML T%D#- #1#5-1'/14A%9%6 #%5+KIH\1<)#&*3/%8HYOH0)#)-55*&H# 71"/ #<%&.-.0.#

%9#0D%#=1/0.M7-&*1/#<%4!-&10-%&H#1 &5#& Y0 &N+ 1/#1<0-A10-%&

Figure 3 A Diagram of an MLP model
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Figure 4 A Diagram of an RNN model
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Figure 5 Overall pre-training and fine-tuning procedures for BERT
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Table 2 An example of bag-of-words feature
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Figure 6 ROC Curve
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Figure 7 Review Rating Distribution of Yelp Liu Data
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Figure 8 Review Rating Distribution of Yelp All Data
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Figure 9 Workflow and Phases of this study
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Figure 10 A Diagram of Model Structure of an MLP model

Model: "sequential 1"

Layer (type) Output Shape Param #
dense_5 (Dense) (None, 128) 2572032
dense_6 (Dense) (None, 50) 6450
dense_7 (Dense) (None, 25) 1275
dense_8 (Dense) (None, 10) 260
dense_9 (Dense) (None, 1) 11

Total params: 2,580,028
Trainable params: 2,580,028
Non-trainable params: 0
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Figure 11 A Diagram of Model Structure of an LSTM model

Model: "functional 1"

Layer (type) Output Shape Param # Connected to

nlp input (InputLayer) [ (None, 256)] 0

embedding (Embedding) (None, 256, 128) 2560000 nlp_input[0][0]
bidirectional (Bidirectional) (None, 256) 263168 embedding[0][0]
dropout (Dropout) (None, 256) 0 bidirectional[0][0]
meta_input (InputLayer) [ (None, 112)] 0

concatenate (Concatenate) (None, 368) 0 dropout[0][0]

meta_input[0][0]

dense (Dense) (None, 64) 23616 concatenate[0][0]
dense_1 (Dense) (None, 32) 2080 dense[0][0]
dense_2 (Dense) (None, 16) 528 dense_1[0][0]
dense_3 (Dense) (None, 1) 17 dense_2[0][0]

Total params: 2,849,409
Trainable params: 2,849,409
Non-trainable params: 0 |
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Figure 12 A Diagram of Model Structure of a BERT model

Model: "functional 1"

Layer (type) Output Shape Param # Connected to
input_word_ids (InputLayer) [ (None, 240)] 0

input_mask (InputLayer) [ (None, 240)] 0

segment_ids (InputLayer) [ (None, 240)] 0

keras_layer (KerasLayer) [ (None, 768), (None, 177853441 input_word_ids[0][0]

input_mask[0][0]
segment_ids[0][0]

additional_feature (InputLayer) [(None, 7)] 0

pooled with_additional (Concate (None, 775) 0 keras_layer[0][0]
additional_ feature[0][0]

dropout (Dropout) (None, 775) 0 pooled_with_additional[0][0]

output (Dense) (None, 2) 1552 dropout[0][0]

Total params: 177,854,993
Trainable params: 177,854,992
Non-trainable params: 1
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Table 6 Main Results of the Ott Dataset

Feature Group Evaluation Metrics
Index | Algorithm Word TE- Word
Count IDF LIWC Embedding! Macro_F1 F1 Accuracy AUC
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Table 7 Main Results on the Yelp Liu Dataset
Feature Group Evaluation Metrics
Algorithm | word | TF- Word Review | Macro
Count | IDF Liwe Embeddings | _based F1 F1 Accuracy Auc
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Table 8 Main Results of the Yelp all Dataset

Feature Group Evaluation Metrics
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Table 9 Main Results of the Yelp balanced Dataset

Feature Group Algorithm
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Table 10 Results of the four datasets
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Table 11 Answers to the Research Questions Based on Experiment Results
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Figure 13 Research framework
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Figure 14 Screenshot of a hotel review and a managerial response from Tripadvisor.com
(%7  jUllc wrote a review Jan 2020 - Review: Who and Date cee
2 contributions « 4 helpful votes
00000 * Review: Star Ratir

starting to be cheep

“the Wynn is starting to be more cost focused rather than quality focused. Dont go less quality, instead
maintain a level of quality that is expected. so disappointing. i have been there many times and slowly
watching the decline like so many before. maybe the executive staff need a reality check.”

Read less &

Date of stay: December 2019

Trip type: Traveled on business « Review: Trip Type

Room Tip: stay at a more client service focused hotel that meets yoour expectations.
See more room tips

09 OO Cleanliness QOO OO Service
®0O9OO Sleep Quality

Helpful Share
® Response from WynnLasVegasSM, Guest Relations Manager at Wynn Las Vegas ece
Responded Jan 13,2020 + MR: Date

Thank you for giving us the opportunity to review your feedback. We are saddened to hear that your time
with us was not as you had expected. We will be reaching out to you using the contact information you
provided with your reservation. !

We look forward to being of assistance.
Wynn Las Vegas Guest Relations
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Table 12 Sample description based on city information

. &O+%,%  &(*+%,% 45H%,%  &'()+%, %  T2*+89*% .
rHS% H#410 % 1%2"30% 1*2"30% 610 % y800: 95 01018 K
K< ] IWX IXIBY/IV! Z[2ZN ! IY6IYY Y2/Z X]2I\ !
et I X06! 1722\ | 136]Y]! Y2y JI20]\ !
"+ M6+ &A1& Iwz ZX6J]0 137\ ! X/60Z7 Y212 ZX?IW\
H; 3 Y[/ YXZ62I] 100\ ! 1IX6ZYE Y2IY WY?2/\!

"#$%&'I[*%0!+#$%,!-,.&&!&$./1/.$012&!./%!3/#405%5!6/#7'$BIBF!3./$1%/&:1&;<*.&!=0.$.:1.15! 1.$0#1.,1/.$012&!
#/2.10>.$0#180150<.$012!1$*%!2%1%/.,!,%4%,!$#1%?3%<$!#6!6%.$;/%&:!.7%10$0% &HEENEWHA BRI B HETRY0!
6#,15!$*%!+#$%),!-,.&&!016#/7. $0#11$*%!*#$%,C&!,08$012!3.2%!01!$*%! DE @#;$REAVGOURAAH!)/03.5408#/G&!
2;05.1<%HDI35.$0121J9!1+#$%,!K$./IL.$012AF*%!* 02* % E&Bt&&0@, %! 4. ;%! 0&!IMIE6#/1.1,;?;/91*#$%, 1. 151$*%! #N%&!
3H&&O@,%!4.,;%!0&!016#/1.!@;52%$!$/.4%, %o/ *#3$%,A

#

2LITHHTE/* *&Q#6*.</-=0-A*# .010-.0-<.# O/%A# O)*# ) %0 7# <7 1. H#NIASEROL A F#
)%0*7 [ HEH# 1/ %9# <71. # EMY#%/# 3&5*/1# HY H# 1/*# %9# <71. # T# %/# 11%A*#130# 385*/# bI#
119%A*# <71..# DM# ?)H# B # <71..1# 0)*# 1*00*/# */A-<*# 1&5# 91<-7-0"# L/ HPACEHIBS M
)%D.# 0)10# 5-99*/*&0# )%0*7 .# 5%# &Y0# ) LA*# 1# .-ULI T*# 5-99%/*&<*# -&# 0)*# YoA*/17T# [*A-*Dt
170)%3%0)*" #1/#-&#5-.0-&<0H<T 1..* MHRTHOH860*7 #'%0#0)*#)-')*.0#/*A-*D#/10-& #PbMHT#
%30# %9# Y Q# 1&5# 0)GH&5S TH000@5AL..# )% 0*7 # 'YoOk A*/"# <7%.*# [*A-*D#/10-&" . |# TMXT# 1&5#
TM_I# /*.=*<0-A*7"M# N&# 0*/4.# %O 0)*# &341*/# %O# *AGD 1#D) WDTIHA-5*5# 0)*#
71/*.0#=1/0# PaHZQI# 9%7 7%D*5# GFA-S5Pb0*7 . 1# L&5# %&T"#aM__ Z#%9# [*A-*D.# D*/*# 9/%A#
0)*#1%600%A 1..#)%0*7. M#8%/#0)*#>#/10-%|#D*# < 1&# . **#0) IGFA)*#) % 0O * . =%&5*5#

A3<)HA%/*#PaaZ QH#O)1&HO)HABBEBHOGT 1. #)%0*7 #PY FNI&SE¥ FMH_ ZI#/* =*<0-A4*7"QM

Table 13 Sample description based on hotel class
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Figure 15 Review rating distribution

Review Star Rating Ratio 2017-2019
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Figure 17 MRs ratio average over 2017-2019
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Figure 18 MRs ratio average over each month during 2017-2019

Hotel Reviews MR Ratio 2017 - 2019
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K*$+ 38898  (HE)*$&H/IPSE'.&)*$&6'7"S "+ O1&Z P01 & 2$& " H#H#]<($%& (&a&GHIHHH:&K$&)*$(&) 58
M (S&H-"+)08HT'+$&) &IB"H#,+$&)*$&)$J)&H/9/-"+)0&BS) 25H(& ' ($&+$6/$28&." (Vo &/ WH& T ++$#3'(%
+$H3 (HER

F"8-$&Y G#&(&:$]"93-$8) &/-- #)+")$8)*$&"8'6$& 3+ T $##:&0'+&#/93-/7/)0&8,)&2/)*' ) &-'#I(<&
<$($+"-IP")/ (182$8. #$&)$+98.+$\, $(708&) &+$3+$HP() &S 7+&2'+%6&/(&)&B&I6'T,9$()°

F*$8.+$56/528) 804 8b<"%&*)$-18<+$")&H$+6/7$1&<"%&SIBE+/S(7$:C&

F$&+$H3 (H5&)$I)&H"O# EPEHERO' &*"%8 &< +$")&$I3SES(7$:C

F*$& J+#)& )2'& +2H& "+$& )*$8& BF7)+4& +$3+SHB()/(<& )*$& +$6/$28 "(%& +$#3 (#$1& 2/)*&
+H\, B(708"#8)*$&6"-, $&' . &$ " T*& 2+ %8 @.$"), +$A&F*$(&2$87"-7,-")$&)*$&>C & (+O#E&. +&$"T*&6$"
Z.)$+8)*")182$8<$)&)*$&(+9"-IP$YEBSTYBRE/(<&$"7*8$()+0&B0&>C & (+OH1&H*2(8/(&)*$&)*/+ Y&
"(%68..!+) &+ 2H& R8-SR 8> "H)1& 238 7"-T,-")$&)*$& 7' #($&HI9/-"+1)0& 2/)*&" &%) & 3+%, 7) 1&2*/ T*&
[#&:RRD:& T (&) VHBUE ) *$& ) $I)&H/O/-"+) O&HT'+$8& HSY0& /(&) *I#8:H), YoO&IH& T"-T ") $%6&/ (&) *$&H"I$:
)*$&.'(-08 %0/ $+B(7H&/H8 25")8 25& H$%& ) & +$I+$H()& ) *$& 2'+ VIHBIRSLT SR *$+8 )" (&

)$+9&.+$\ $(7/$R&



I"#$%0& & 3&&*+$%&28&H2-03%EB DI 1 IVRAIREZBED 0%I& "3, 8/%-&23-%

I"#$9%&'$() * $ H-H(HEET O™M1* O(+$2  3$1* 3'2+*%  4+%  A+(BHE 2% )"&* | 67%'(84 *
Review vector 0 1 2 1 0 1 0 1 0 0 2.828
Response vector 1 1 0 2 1 0 1 0 1 1 3.162
Normalized 0.000 0.354 0.707 0.354 0.000 0354 0.000 0354  0.000 0.000

review vector

Normalized 0316 0316 0.000 0632 0316 0000 0316 0000 0316 0316 | 9"4/+*
response vector

Dot product 0.000 0.112 0.000 0224 0.000 0.000 0.000 0.000  0.000 0.000 0.335

&

O/< +$G I8 248 )*$& Yol#)+18,)/'(& ' & )$I)& #/9/-"+/)0& 8$)2$F(& +$6/$28. "(%& +$H#3'(H$&. &
$2)+$9$8 3H/)/6$& +")/(LEELE."(%& $J)+$IS& ($<")/6$& M€ 1BT) EHSSOHE ))& "CH#* +)$+&'+&"&
3H/)/6$8 +$6/$28 “BEF6/$28 "8 )& "& YB-"HHE *)$-8& T'++$-")BH& 2/)*& "& +$-")/6$-0& */<*$+& )$J)&
#19]-"+1)0:&

409:/95& 8%G1&-0*0$"/011&@-&/% @8L6I&$%391K
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03 ) $HSHBAI&2*S(8 #/(<8"8BI("+086"+]"S Bt $6/SR $7/GHE 43 (#$&. +'IES&) $- &H&
)*$&%6$3B(%$()&6"+HEBSH (S SASH)RSHY &) *$&/I3"7) & &=eH& (&)*$&'6$+"--89'()*-0&+$6/$2&
+)(<8-$6&+ &) H&<+2) & ATBE HEV&WEEN&+BSHH/ (HS8$H)/9") $&='Yo$-#8.G AIRER*/ T*&
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K$&#387/.088S7'('9$)+/78&9'NS-#&"#&.'--' B

HasMR; = B0+ [i1Fake; + B1,NFake; + [i3Deviation; + Bi,Congruence; + [1sTopHotel;
+ fi¢Congruence; * TopHotel; + y{Controls; + £;"
DEL2,%PRE&
MonthlyRating . = B0+ Bp1Fakej, + B, NFakej + BrsHasMR;, + BuMRWordCntj, + BpsTextSimilarity;,
+ y;Controls;, + M+ szjt&
D&L2,%$&&
MonthlyRatingGR
= P30 + P31Fakej, + B3, NFakej + BssHasMR;, + f3uMRWordCntj, + B3sTextSimilarity;,
+ azMonthlyRating;._, + y3zControls;, + M+ &3¢
D&L2, %58

F*$& %$./(/)/'(& " (Y& Yo$HT+/3)/6$& #)")H)I THE. & $"7*& 6"+/"8-$&. "FBRBATIEI(&
= '0$-& 1188, (/)& .&" ("-OHIHEIHES T*&+$6/$28." (Y& + SHBEBIF(%$()& 6"+/"8-$&/#&8/("+0°&"&
+$6/$28<')&"&+$H#3' (H$& +8& () 98&)*$&/ (% $35(%$()& 6"+/"8-$#8&/(7-,%$& O"5$1&h0"5$1&M'(<+,$(701
Y$6/")/'(0&)*$89'%$+")/(<&6"+/"8-$&IH&F'3d")$-1&"&%,99086"+/"8-$&/(%/7")/(<&/.&)*B&*)$-&I#&)'3
7-"HH18" (%8)* #8&)*$&I()$+T)/'(&)$+ILEM'(<+ $(70&I&F'3d')$-& /H&"-#&/(7-, % $%&/(&)*$& 9 %6$- & F
70+-&  6"+'8-$#& /(& =%$-& 1& "8 HasPhoto, RevWordCnt, RevICnt,&&
LnReviewerFriendsCnt, LnReviewerReviewsCnt, &%&ripTypeBusines :@N,+& '8U$7)/6$&
J#& ) 8 BH)I9") B8 ) $&H/<(I.IT"(T3& -$68s& B88Bsa, By » and Py 1&"9'(<82*/T*&IB& [+#)&..', +&
+$3+$H$()&)*$&Y0/+$7)8.$. BTR(BS3S(%$()& 6"+ BEBF $& VIHE. . +&"&+$6/$28) & +$T/6$&" (&
=e182%/-$8y &$.-$7)H&)*$&IVS+")/(<8S..$7)&".8)*$8*) R FSBHBES(H8) $ES+++@)$+9:&&

T8 'USHIGELRLESE,, (/)& &' +&"("-OH/H&THE: '()*18&8"#$% &' (&"&* B ()*&3"($-&
%")"#3$): &K$& HIIGUS. $7)#8&3"($-8.%")" &I BB/ (& ) €S T'%$&)*$&/()$+3-"08.".&."5($H#&
1%S$O1IT")'(1& 9"("<$+/"-& +$H#3' (HS1& "(%8& *)$-& +$6/$28& +")/(<& "(%& | HEADSEEH()&
6"+/"8-$8./(8& =% $-8& Qhut#iyRating;, 18 2% T*& I#& )*$&."6%+'<$& +$6/$2& +")/(<&"T+HH8. " & T'(#,9%+&
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MonthlyRatingGR , L& 2*/T*& 9% #SH& ) *$&/(T+$"#D&/(8)*$&"65+"'<$89'()*-0& +$6/$28& +")/(5&. +&*)$-&
/(8 9'()*& t:& F*$T()+-& 6"+/"8-$HEE =% $HGE T8 RES& )*$& 9'()*-0&. "6$+"<$& hi&iuoto,
RevWordCnt, RevICnt, and TripTypeBusiness,&(%&nMonthlyReviewCont &+& 9'()*&t:& F*$& /(%$3$(%$()&
648548 /(& =%® G& 1& R& "+$& )*$&  #'O%ake;, NFake,, HasMRy,
MRWordCnt;,, and TextSimilarity;,, 2*/7*& "+$& )*$& 9'()*-0& "6$+"<P& '.& $"7TL("+& 6"+/"8-$#& .'+&
*$-&(& 9'()*&t30+& /(#)"(TSA&MR;, 9$"#,+$H#& )*$& 9"("<$+/"-& +$#3'(#P& +")/'& '+ &N FB-&
Q0% ¢"(%& ) $+#8& "+S&#I9/-"+-0& 95"#,+$& )*$& "6$+"<$& -$6$-8 . & $"7*& 6"+/"8-$& "T+ 18 *)$-&."
9'()*:&W,+& 'BU$7)/6$& /#& )'& SBEQ R <(/./7"(T$& -$6%-& ' Bu & BorosBova Bowr» Poo) ¥ & #I$& )*$&
T (HEBS)2$5(8)*$&-$6$-&' &S T8/ (%$3H(%B()&6"+"8-$E&" (96&*)$-&+")/(<&" (Vo&/H&<+ 2)*&+"
MonthlyRating;,_, #& "& -"<<H6E"8-$& +$3+$#B()/(<& )*$& "6 +")/(<&'+& *)$-&1(&
9'()*& ¢ - 1QBotel, G#8 )*$& ,('88+6"8-$& *)W3IFT/.IT& S. ST)HE *IIBG, YoB() W& )*$& $+++84$+9
6"+0/(<&"T+HHE)$-&" (YR }BS:

P+ &H), Yol SH&I (V61 7")$Y&)*") &S +-/$+ 8+ SRIBRHE (ORI .- $(TS&T' (#,95 48
856/ +18)*$8.S$. ST)HE' &2 +%&. )& T ++86$+&O+&/(#)" (THE&S) 8" EBHIKAZSY6&
e<$%& @, +)$+8$.. $7)& &=e#& (851" (/(<&)*$&*)$-1#8+$3,)")/ (& (%&3$+.+9"(T$1&" (%&
1'(<&$)&"-: & @ GHEHENEBI &' ()*& -"<&$.. $B)&=#&'(&$I"/(/(<&)*$&/(.- $(7$&E.
9"("<$ +/" @& SH3 (HEY &+ S6/S28(& (/($8)$-88"5/(<&6'™-,9% &F*#&#),%08%6/%& ()&, #5&)*$8-"<&
$..$7)&. +8<+"()$%:&T(#)$"%1&2$&./+#)&$I 9 ($%&2*$)*$+8)*$&. '+9$+-08, #$%&'($&9'()*&-"<&$..$
SIH)HE +QL &, H(<&)*SEAHHYS+8-"<&' &S T*8"("<$+/"-&+GH3 (H$&6"+/"8-$3&'(-0:&T(&')*$+&2+%1&
3-,<&lasMR;,_,, MRWordCnt;,_,, and TextSimilarityy,_,'1() &='%$-&G&I(#)$" Yokis&R,,
MRWordCnt;,, and TextSimilarity;,") &#$$&)*$&S$. S F)B-H& ¢+ 2#8&)*") &) *$&'6$+"--&<"% ($##A/) &
' &)*$8-"<8$..$7)8 (-0:8F*$8./+#)&T"-, I(&#* 2#82*$(&'(-0&O"ESMIHR"BH&EDRI'()*&-"<&
—e&6"+"8-$#8 +$&/(7- %$%18)*$&$I3-" (") +083 25+ &/#8H/<(/.IT"()&8,)&6$+08#9%4-8&B0&+$"%/ (<&
N\,"+$%&@:HHQGAR) (H8ID8.@ 1H:RQS1&38&a&H: HHHA:&F*$&./+#) &7 - O(&H B+ 2H8E)*") &
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S+SHS(HEHI<(/.IT"()&I'H#/)I6$& " ## TRAN*&*")$-&+")/(<&/(&9')F@M'$../7/$()&a&: HHIB1&3&
H:HA&Z.)$+&"%%/(<&)*$&T7'()+'-&6"+/"8-S#H1 & " #&H*'2(&/(&)*$&#$ 7' (S BFS O RL) *$&e
N\,"+$%8&".8)*$&9'%$-&/(7+$"#$%&808)$(&)/9$#& @ :HDICAL&" (% &)Hea7, S #Y IMER.' . &

#1<(/.17"()-083'#1)/6$8&

I"#$Y&N/%1%-1&28&L 2,%$&=&DLB&$"99%,& @&/0"#$%-&23$IE

B I R <"[23)=$2./0

”‘ >$? *

i <"1+%7;-(+ * <"1+*7;-(+@*
Estimator PanelOLS PanelOLS
No. Observations 12624 12624
Cov. Est. Robust Robust
R-squared 0.0042 0.0518
R-Squared (Within) 0.0042 0.0518
R-Squared (Between) 0.0046 0.1326
R-Squared (Overall) 0.0117 0.0940
F-statistic 10.347 66.407
P-value (F-stat) 0.0000 0.0000

Independent Variables:

Fake 0.1638%* 0.1157*
(0.0639) (0.0626)
NFake 0.1482%** 0.2058%**
(0.0401) (0.0408)
6$00+I<=*1$(.$%'+4A
HasMR pl 0.0778%** 0.0856%**
(0.0213) (0.0209)
MR_WordCnt_pl 4.591e-05 2.336e-05
(0.0002) (0.0002)
TextSimilarity pl -0.1207 -0.0929
(0.2226) (0.2196)
9"12("*1$(.$%'+4A*
HasPhoto -0.0699
* (0.057)
RevWordCnt -0.0015%**
(0.000)
Rev_I Cnt -0.0418%**
* (0.008)
TripTypeBusiness * -0.1164**
(0.048)
LnMonthlyReviewsCount* 0.0530%**
(0.013)
Const 3.8299%#* 3.8284%**
(0.0056) (0.0055)
Effects Entity Entity

Note: Coefficients are shown in the table; standard errors are reported in parentheses.
*p<0.10; **p<0.05; ***p<0.01

Z& +$7$()& #),%0& $J"9/($#& )*$& +$-")/'(#*/3& 8%$)2$$(& *)$-& +")/(<& "(%& )*$& +$#3'(#$:

3$+73$()"'<$&)' & T+/)[7"-&+$6/$2#& /(&) *$&#"9$& )/ 9RB @B PR - 1 & GREB(& ) */#& #),%01& 8 "#$%&



'(&)*$&"B'6S& +$H,-WH1& 24 T*&H#*'28)*$& D' Y$S-8&'(-08 7" ++/$#8."& 6$+08 HIOLBAB+E I B(&

HI(<& )*$& "<<$%& 6"+/"8-$3& '(-01& 2$& )*$(& )$#)$%& )*$& 7'()$93+"($ #& $..$7)H& )'& /(%& '
#3$7/I7")/'(& )& /93+'6$8 )*$& $I3-"(")' +08& 32$+8& '.& ='%$-& G:& F*$+$& "+$& 'V*$+& 7'(#/%S$+")/ (#&
8$*/(%&):& O/+#) 18 9'H) & +$#3'(H$H#E& @ CSEAL 2$+$8 3'H) $%& 2/} (R)2SEHEDBYG& 9'H) &

+SHI (HBHE) &) S+&ASO/S2HLE2*/ T8 2$+$&3H)$Y08/(&)*SEH"I$&I' () *1&"+$&O/H/8-$&)'&)*$&H, BHS\
+$6/$25+#8 8$.'+$8& ) *$08& 3H)$%6& )*$/+& '2(: &INFTYISHR )'& %8 ($24#18 3$'3-$& )$(%& )'& 3"0&
9+$& ")$0/ (& )'& +$7S0& /(. +9")'(:& N'1& 2$8(% +$3-"7$%8& J*$& -"<<$%& 6"+/"8-$#& 2/)*& )*$&
(-"<<$YE&O6"+/"B-SH1E& " H&H* HEHSE|: &

ZH&2$8$IBST) B L&) &H* 2HE) ") &) *$& 6 +"--&ANKBE (7S%B+$")-0" 8B\, "+$%6&
J(7+$"#3%8&.+'9&: HHQG&) & HRVS: &F*$&../+ ST S BB QR #8)*$&%$) "-&2*$(&' (-08)*$&
O"5$MhO"5$&+")/'&"(%&=&6" +/"8-$#&'.&)*$&7, ++$(FRI(*Rb$%:&F*$&./+#)&T'- I(&"-#&

9 2H&) ") L& (&T'()+'H) &) &) SBNF&-"<&$..$7) 8BB../ 7/$() &AS STR A& HA&Kks MR,
S+SHBOHE 8D, T*&-"+<$+&3HI)I6S& 1 TI")/'(&21)*&*)$-&+")/ (<& @B &T/$() &HBDI &3&
N8 HASK*$(&' () +'-86"+/"8-$HE"+$&/(7-, Yo $%o 1 & " H#&H*'2(&/(&)*SEHS T (Yl TE-OEBI1 &) *$&
e MN\,"+$%8&. . &)*$&I%$-&/(T+$"#SUESES(&.,+)*$+&@: HSCIALE (Y& HSET.S, H) BH&" BE:
#I<(1.17"()-0&3H/) /68" (Y%&-"+&S$+:&

"#$90& N/%1%-1&28&L2,%$&=&DH231%*+2/"3%2:-&LB&&"/0"#$%-&23$I

R T s <"[23)=$2./0
*h >$% ok
il <"1+*7, @ <"1+%7, 7*
Estimator PanelOLS PanelOLS
No. Observations n-r " n-1 -
Cov. Est. 4/5670' 4/5670
R-squared )3)'(* " )3)*-1 "
R-Squared (Within) )33)(*x " )3)*-1 "
R-Squared (Between) 83)(&!'" )3)+)("
R-Squared (Overall) 83)#)+" )3)*&H"
F-statistic N&3&& N+3(#"
P-value (F-stat) )3)) " )3)) "
9999999999999" 9999999999999"
Independent Variables: ! "’
Fake )3+ )3N*&: "
;)3)+1A<! 1)3)H)H<!
NFake )3r&:: )3I(#::
)< )< "

m g



MR Variables:
=17>4" e anannn———m—m )3MS* )3+
;)3 A< ;)3)HI<"
>4?@/ABCDU ™ 83))&$::: " 83))&#:: "
D3))< " D3)))< "
.EFOGHIH21AFOg " 13> " 13+*- "
;)3 <" )3+
9"/2("1$(.$%'+AA*
HasPhoto " 83)&&("
* i} 1)3)$8
RevWordCnt . 83))i#: "
. D3)<"
Rev_I_Cnt . 83)*+:: "
* } )3)-<"
TripTypeBusiness * 83l "
) )3)&+¢
LnMonthlyReviewsCount* "’ )3)++$:: "
) J3)r<
Const 3-H#S( " "B-#$(
1)3))$&< H3)E<
Effects Entity Entity

Note: Coefficients are shown in the table; standard errors are reported in parentheses.

*p<0.10; **p<0.05; ***p<0.01

"#$%&'(&)*$&""8'6$&"(%&)'&"77'99'%")$&8)*&)*$& 7, ++$()&" (%0&)*$&-"<&S..$7)#1&2%&/(7-,%:
8')*&/(&)*$&9'%$- & T(&)*/#&#),%01& )*$&#3$7/./7")/'(#&'".& ='%$-#& C& & R& RysHe% §$1& 8')*&
MRWordCnt;,_y, and TextSimilarity;,_,""(Y0&8asMR;;,, MRWordCnt;;, and TextSimilarity;,"'+$& #/9,-)"($',#-0&
3-,<<$%& /(& )'& #$$& )*$& 7'98/($%& $..$7)#:& F*$+$.'+$1& /)& [#& 6$+0& /93'+)"()& )'& ()$& )*")& 2’
$6"-,")$&)*$&$..$7)&".& )*$#P& ) *+$$& 6"HdsBFEHIRW ordCnt, and TextSimilarit1& 2$& ($$%& )'& #$$&
)*$9&/(&"&T'--$7)/6$&2"01&$#3$7/"--0&2*H(&($<")/6$& 7, ++$()&SP..$7)&" (Y& 3 '#/)6$&-"<&$..$7)&*"3:
#19,-)"($'#-0&'+&6/7$&6S+#"1&2P&($$Y&)'&.,+)*$+&T7*$75&)*$&I"$ QY BHL/B)E" (%0 &)*$(&
7'(7-,%$&"&7'--$7)/16$&($<")/6$&'+ &3 #/)/6$&$..$7) &) *$&6"+/" BP&T"++/$#:.&

1$.'+$& $#)/9")/(<& )' & 9"5$& #,+$& "--& )*$& 6"+/"8-$#& "+$& #)")/'("+0& "(%& (‘& , (/)& +") & [#& /(&
) $+$1& 2$& $93-'0$%& 8')*& ()& +")& )$#)# & Z,<9$() SV Y-FPFBO0)$#) &&G24")5'2#5/ 4
?%[--I3HNT*9/Y%MN*/ (& @O?NNASYFHP & +$#,- ) #&'. &8')* &) $H#) #&H*'2$% &) *") & "--& 6" +/"8-$H# &/ (&="%$-H#&

G&I&R&"+$&#)")'("+01&+,-/(<&',)&)*$&3'##/8/-/)0&' . &#3,+/' #&+&<+SHH#/' (:&&

I+ $



>l $-0/-0@8*%0/'8A:18

T(& ='%$-& 11& 238 9'%$-& )*$& 7*"(7$& & <$))/(<&HBE+J&IHF $6/$28& -$6$-& "#& "& .,(7T)/'(& &
O"5$Mh0"5$& %$)$7)/"(1& 7'(<+,$(701& %$6/")/ (18" (%& ) *$&/()$+"7)/ (& 8$) 2$$(&*)$-& 7-"#H#&." (%&.
7'(<+,$(708". & +$6/$2:8 T(&='%$-8. G1& 2$& 9'%$-& ) *$&*)$-&+")/(<1&."(%&/JH& AD)*&")&"&*)$-
-$6$-8"#&"&.,(T)/'(& .&O"SSMh@EBI7)/ (8" (%&9"U'+&"))+/8,)$#E 89" ("<$+/"-&+$H3' (HS#: &K*$(&
$H#)/9")/(<L&2$&T'()+'-&.'+&9,-)/3-$&+$-$6"()&"))+/8,)$HE. A LDHOB2BE" (Vo8& VB $-")$%:

O, +)*$+9'+$1&/(&S6$+0&HIST/./ 7"V MBH& GEIRTET " ++/$% 88 % & 3" #Y&H81( A ") (&) $H)&
"(%&7"-7,-")$%E& TO& ' +& $"7*& 6"+/"8-$1 & §* SEBIFHB-S& 11, $H& Y6, $&)'&" ) T'++$-")/'(&" (%&

9, )7 =-/($"+)0:& T(&"%%/)/'(1&" ) $+& $"7*& $#)/9")/ (& HBIBET "++/$%&' )& "& d" #9"(& ) $#)&)'&
0%6$)$+9/(S@d" #9"(1& IVSGAYET'(/+9& ' +& T/7$& (& J1ISN& $..$7)H#& #3PI(&T.& )*$&

9'06$-#& F*$8 +$#R)& d" #9"(& ) $#) & SUTFIB*$& +/</("-8*03") *$#8 +& 8')*& = % $#8& G&RR:

Y")"&" ("-O##&2"#&T'(%, 7)$%&/(&X,30)$+&N")$8"5&2/)*&B0O)*'(:

>"# B'8A:18*42*CA[":*#

>"#'# D1%1-81-3*/'83+-=1-40*%0/*34++":%1-40*%00%:;8-8

K$&3+$HB()SU@EST)/ (& R:R&)*$&%S)"/-$%&H) " H)/ T&Ye$HT+/3)/' (&' . & 6" +/"S-SHEHKE % $-& |
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- KIS 5%+ <"[23)=$2./0

e >$? *
* <"1+*7; B* <"1+%7; C
Estimator PanelOLS PanelOLS
No. Observations 12624 12624
Cov. Est. Robust Robust
R-squared 0.0460 0.0868
R-Squared (Within) 0.0460 0.0868
R-Squared (Between) -0.0572 0.0974
R-Squared (Overall) -0.0006 0.0926
F-statistic 73.258 88.880
P-value (F-stat) 0.0000 0.0000

Independent Variables:

Fake 0.1494%* 0.1050%*
(0.0626) (0.0614)
NFake 0.1496%** 0.2053%**
(0.0390) (0.0397)
MRs Variables:*
SL 7> e nn——" '* 0.0353 0.0230
% (0.0325) (0.0314)
>A4?2@/ABCDO '* -0.0048%** -0.0044%**
% (0.0003) (0.0003)
.EFOGHIH21AFOg """ * 1.53] 5% 1.6317%**
% (0.2627) (0.2730)
6$0*<=4*1$(.$%'+4A
HasMR_pl 0.0999%%** 0.1098%**
(0.0308) (0.0299)
MR WordCnt pl 0.0012%** 0.0010%**
(0.0002) (0.0002)
TextSimilarity pl -0.1155 -0.1147
(0.2214) (0.2188)
9"12("*1$(.$%'+4A*
HasPhoto -0.0722
* (0.055)
RevWordCnt -0.0013***
(0.000)
Rev I Cnt -0.0407 %%
* (0.008)
TripTypeBusiness * -0.1087**
(0.047)
LnMonthlyReviewsCount* 0.0647%**
(0.013)
Const 3.8304%** 3.8288%**
(0.0055) (0.0054)

I $



Effects Entity Entity
Note: Coefficients are shown in the table;

*p<0.10; **p<0.05; ¥**p<0.01

>"5"5"6 C4/*1 *

>/5$&2*")&2$&%/%&.'+&='%$-&GC1&2$&$#)/9")$%&="'%$-&R &' (&8")* & PREQ/ (&) $-
06")"#$)&)'&'8)"/(&9"/(&+$H#, JH&" (%0&. +&I$"(/(<.,-&HS<OB(HE' .&)*$8Y")" &) &H#S+BSE"HE "&+'8 #)($H#
7*$75:&

F'8-$&5 S0/#3-"0#8 )*$& $H)/9")/ (& +$#,-)#& . & RIS T HW6$3B(%6$()& 6"+/"BHBY*$&
='()*-0e")/(<Lel& )*$& <+2)*& +")$& & 9'()*-0& *)$-& +") & F*$& /+#)& 7'-, 9(& F'8-$8C S,
J(7- YSHB(-08/ (%6 $3$(%$()& 6"+/"8-$HE& " €46BY& 6"+/" 1R " (BF S& H#S 7' (%& 7'-,9(& 7'()"168--&
6"+/"8-SHE*SEHST (%0& 7'- 9(1&="%$-& RHPLE*")&)*$B'S. ./ 7/$() & & O"SSB& () &H#I<(/.IT" A&
"(%&)* 58S, ./ 7/$() &.& hO"5$& [#&#/< (/. 7"()-0& 3'#/)[BHRIAS() 82&HC QIR 3& & H: HIA&2$R(&
J(7-%3%& ) BQ+-& 6"+/"8-$H:& F* #18& )*$& 35+7$()" HERSBR $6/$24& "8 *)$-& +$TS/6$#8 /(& "&
9'(0*& *"#& "&H<(IIT"() & (%& 3#/)/6&93"7)& '(&)$-& +")/(<& <+2)*& +1)% #,<<$#)/(<& &")
d03')*$#/H#& RBHES-%688,)& AR"& HENNL" (& $I)+$9S&H),")/'(1& 2*$(& "&*)$-pH& 3$+7$()"<$& . &
(( A"5$& +$6/$28 /(T+$"#$#& .+'98& P$+'& )'& IHHELE 7$)$+/#& 3"+/8 #1& J#& +")/(<& <+'2)*& +")$& 7
32"+96&* <$18808C:QDEL& 7' (#/%$+/(<&)*$&"6$+"<$&<+'2)*&HEB&/H#&' (-0&D:D

T(&)$+9#E $&=e&+$-")$%&/(%$3$(%$() & 6" & BEMI0/ (<H#& "+$&6S+0&#/9/-"+&)'&)*") &' .&
='06$-8 GE"8-$& B+ 2#& ) *") &l H=e & *"#& "& 3 #/)/6$&S$..$7)&") & ($&-"< G BEHQAL.3&N&
‘HIA&S,)&(&7'()$93'+"($ #&S$..$7)1&=eK +0M()&*"#&"&($<")/6$&7')$93'+"($' #&$..$7)&") &' ($&
<& @7'$../7/BH8HHIQLE: 38 NSARIIB,)& (‘& 7'()$93'+"($' #& $..$7)1& "(%& FSI)N//-"+/) 08 *"#& "&
S +<$&3H)I6$&T()$93+" (S, #8S$..$7)&@T'S. /BGOKVHR & I&N B (&/<(1./T"()&-"<&$..$7):&
F*) &/ &# ' AB<* $+&-$6$-&'.&=e&+")/'1&H* =SB A& " (Y& */<*$+&)$J)&#/9/-"+/)0& 8%) 2$$(& =e#&
"(Y&+$BIS2HLE "HH TI") SR BRI &) $-& +)/(<& <+2)*& +'JF*$+$.+$1& )*$& O3 VLR 18,
d R9b& " (Yo SR -Y6&)/--8*$& 9"<(/), % $& ' & 3'#/)I6$& "#H#'TI")/'(&'.& FSI)N/O/-"+/)0& [#& $I TN/ (<:&



M (#%S+/(<& /(T+$"#/(<& )$J)& #19/-"+/)0& 83)2$5(& +$6/$2& "(%8 +$#3'(#$& . +'9& )*$& "6$+"<$& 6"-
'HRV& ,3& 80& :IH& )'& [IRV1& 7$)$+/#& 3"+/8 #1& )*$& +")/(<& /(T+$"H$& +")$& 2/--& <& ,32"+%8& 80
S:KVKEL&T7'(#1%$+/(<&)*$&"6$+"<$8<+2)*&+")$&/#&'€0&D:DE:&&

O+&)*$& 7'()+-& 6" +/"S-BERRS (Yol (<HE"+$&"-# &*/<*-0&H/9/-"+8&) &) *$& +$#,-H&' & ='%$-& G:&
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Dep. Variable MonthlyRatingGR MonthlyRatingGR
Estimator PanelOLS" PanelOLS"
No. Observations IH+HH&! IH+#&'
Cov. Est. 4/5670 4/5670'
R-squared )3&&H! )3&$(!"
R-Squared (Within) )3&&*! )3&$(!"
R-Squared (Between) &3)-1$" a3-*#&"
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MonthlyRating_p1 " 83&3$!)::: " 83&3!(::: "
" 3)N&<" )3 <
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I"#$%0& &*#+,-.%,,&/0%/18&*2&3*498$&'

Dependent Variable:!
I
!

67089),:1;2,$@,,+>! nnmnn
67089,:1;.4,)'-->!

-9, LA S S
Ccccceeecececececcecececeac(
Independent Variables:

H,1$0%&%-")%$JBKILIIIII

Control Variables:

I

MonthlyRating
(a) (b) (d)

Model 2.5 Model 2.6 Model 2.7 Model 2.8 Model 2.9 Model 2.10 Model 2.11 Model 2.12
*+,-/0 ! *+,-/0 ! m+.-/0 ! mre+-/0 ! et /o ! e+ /o ! et /o ! miE+ - /0 !
9387 9387 7000 7000 8533 8533 4091 4091
Robust Robust Robust Robust Robust Robust Robust Robust
0.0820 0.1185 0.0073 0.0695 0.0595 0.1092 0.0464 0.0828
0.0820 0.1185 0.0073 0.0695 0.0595 0.1092 0.0464 0.0828
0.0590 0.1919 -0.0109 0.0520 -0.0235 0.0794 -0.0398 0.1119
0.0514 0.1225 -0.0030 0.0597 0.0230 0.0974 0.0157 0.0997
100.30 92.918 6.2673 39.022 65.146 77.712 23.814 27.112
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.1101 0.0619 0.2108**%* 0.1545%* 0.1508* 0.1138 0.1455 0.0939
(0.0736) (0.0728) (0.0737) (0.0696) (0.0823) (0.0802) (0.0890) (0.0876)
0.1026** 0.1871*** 0.0007 0.0914* 0.1305%* 0.1865*** 0.1638*** 0.2205%**
(0.0468) (0.0481) (0.0522) (0.0515) (0.0513) (0.0518) (0.0576) (0.0588)
-0.1275%** -0.0938*** -0.0409 -0.0380 -0.0503 -0.0660** 0.3121%** 0.2966***
(0.0316) (0.0304) (0.0286) (0.0273) (0.0334) (0.0324) (0.0743) (0.0718)
-0.0064*** -0.0057*** -1.381e-05** -1.771e-05*** -0.0041*** -0.0037*** -0.0075%** -0.0071%**
(0.0004) (0.0004) (6.579¢-06) (6.59¢-06) (0.0003) (0.0003) (0.0007) (0.0007)
1.4034*** 1.5548%*** 0.0223*** 0.0260%*** 1.5012%** 1.5308*** 1.8339%** 2.0140%**
(0.2748) (0.2814) (0.0075) (0.0073) (0.2530) (0.2557) (0.6479) (0.6725)
0.0946*** 0.1038*** 0.1025%** 0.1137*** 0.0997*** 0.1213%** 0.1078 0.0989
(0.0309) (0.0302) (0.0269) (0.0256) (0.0310) (0.0303) (0.0690) (0.0671)
0.0017*** 0.0015%** -5.165e-06 -8.335e-06 0.0009%*** 0.0007*** 0.0016*** 0.0015%**
(0.0003) (0.0003) (6.051e-06) (5.942¢-06) (0.0002) (0.0002) (0.0006) (0.0006)
-0.0582 -0.0684 0.0168* 0.0193%** 0.1809 0.1904 -0.7244 -0.8184*
(0.2501) (0.2476) (0.0088) (0.0084) (0.2159) (0.2147) (0.5073) (0.4930)
-0.1411* 0.0128 0.0719 -0.1980**
(0.073) (0.096) (0.0739) (0.0807)
-0.0010*** -0.0015%** -0.0015%** -0.0011***
(0.000) (0.000) (0.0003) (0.0003)




¢Cl

6,4GMGSHBIIIIIIIII -0.0446%** -0.0591*** -0.0456%** -0.0374%**
I (0.010) (0.012) (0.0102) (0.0108)
H)%KHJIK, ?9# %01 11111 -0.1156** -0.1638*** -0.0848 -0.1418*
I (0.054) (0.052) (0.0517) (0.0836)
[+F(+$=-J6,4%,@#5(9+B 0.0644*** 0.0382*** 0.0512%** 0.0917*%**
I (0.014) (0.014) (0.0140) (0.0264)
S(+a$umnnmnn 3.9477%** 3.9468%** 4.0771%*** 4.0765%** 4.0539%** 4.0529%** 3.3633%** 3.3610%**
i (0.0054) (0.0053) (0.0048) (0.0046) (0.0052) (0.0051) (0.0130) (0.0128)
NN, B "+$9%$J "+$96$J NN+ $%$J | mnnr+$%8J mr+go680 | 1mr+$%80 ir+$%%$0 Ir+$%%J
1($,015(,NN%B%, +$#1') H=(@+1%+1$=,1$'3- Pl " " " " "
DO#,D,KOS,:1%+IK'), +$=#,#2 - - - - - -
QKRS2LIGPKRS2EKPOKRSLS ! ! ! ! ! ! ro
| | | | | | | ! | |
&
I"#$%8 §*#+,-.%,,&/0%/1&*28&3*4%8$&6
Dependent Variable:! MonthlyRatingGR
I (a) (b) © (Y]
] Model 3.5 Model 3.6 Model 3.7 Model 3.8 Model 3.9 Model 3.10 Model 3.11 Model 3.12
"HEY%& SOUIIIIIIII TLTTTREy o B ITTT o B 11T E e o B V1 N 1111V o B S 11111 (o1 | N 1111y (o B 111 11Ty (o B 111 N1 T [ B
1(21.3#,)4' Sy 9387! 93871 7000! 7000! 8533! 85331 40911 40911
S(42!#gmmmn Robust! Robust! Robust! Robust! Robust! Robust! Robust! Robust!
6 789'),:! 0.4697! 0.4786! 0.42731 0.44841 0.4620! 0.48041 0.4523! 0.4619!
67089'),:1;<%$=0%6-HH1NINII 0.4697! 0.4786! 0.4273! 0.4484! 0.4620! 0.4804! 0.4523! 0.4619!
67089",:;2,$@,,+>! -1.0789! -1.0148! -34.458! -33.315! -4.3913! -4.0337! -1.72241 -1.5640!
67089'),:1;.4,)-->1 1 0.2048! 0.2235! -0.0343! 0.0017! 0.1740! 0.2126! 0.2162! 0.2428!
AZHS S%HSIHBNINIIIII 884.27! 589.02! 562.90! 394.10! 786.35! 543.92! 358.76! 239.40!
*7A4'-9,L A S g 0.0000! 0.0000! 0.0000! 0.0000! 0.0000! 0.0000! 0.0000! 0.0000!
cccceececceececcecac(
Independent Variables: I I I I | |
0.0068! -0.0050! 0.0542%* 0.0409! 0.0611! 0.0486! 0.0119! -0.0059!
(0.0376)! (0.0376)! (0.0306)! (0.0299)! (0.0380)! (0.0377) (0.0500)! (0.0498)!
0.0128! 0.0409! 0.0094! 0.0325%*! 0.0567**! 0.0753*** 0.0695%*! 0.0911%**
(0.0243)! (0.0253) (0.0191) (0.0191) (0.0242)! (0.0241) (0.0337) (0.0347)
| | | I I I h
-0.0246! -0.0168! 0.0019! 0.0023! -0.0157 -0.0228! 0.1489***| 0.1401%**
(0.0161) (0.0153) (0.0105) (0.0101) (0.0175) (0.0174) (0.0388)! (0.0384)!
-0.0022%*%*] -0.0020%*%*1 -3.021e-06*! -3.189¢-06*! -0.0012%**1 -0.0010%**1 -0.0031%*%* -0.0029%*%*1
(0.0002)! (0.0002)! (1.77¢-06)! (1.756e-06)! (0.0001)! (0.0001)! (0.0003) (0.0003)!




9¢l

H,1$0%&%-")sagnninmn 0.6728%*%*) 0.7118**%*) 0.0053** 0.0066***1 0.6107%** 0.6201%**) 1.1201%*%%*) 1.2014%*%%*)
HHEHIHHHHRHE (0.1432) (0.1447)! (0.0021)! (0.0020)! (0.1510) (0.1507)! (0.2972) (0.3076)!
Lag MRs Variables: I I I I I 1] I 1]
E'#F6GKLIMmnmm 0.0164! 0.0188! 0.0171! 0.0199*! 0.0376** 0.0452%%%*) 0.0561! 0.0524!
I (0.0169)! (0.0167)! (0.0116)! (0.0112) (0.0170)! (0.0171) (0.0390)! (0.0389)!
F6G<():5+$GKL 0.0006%***! 0.0005***1 -2.137¢-06! -2.417¢-06! 0.0002! 0.0001! 0.0004! 0.0004!
IR (0.0002)! (0.0002)! (1.898e-06)! (1.846¢-06)! (0.0001)! (0.0001)! (0.0004)! (0.0004)!
H,1$0%&)B0SIG KNI -0.1822! -0.1764! 0.0033! 0.0040! -0.0068! -0.0018! -0.5399*! -0.5668%*1
(0.1159) (0.1169) (0.0028)! (0.0025)! (0.1002)! (0.1005)! (0.2830)! (0.2830)!
Lag Rating Variable: I I I I I 1] I 1]
F(+$=-J6'$%-+UGKwImI -0.4126%**1 -0.4142%** -0.3041%**1 -0.3064***1 -0.3958%** -0.3954%** -0.4898***1 -0.4909%**1
HHEHIHHHHRHE (0.0145)! (0.0143) (0.0143) (0.0139) (0.0173) (0.0170)! (0.0152) (0.0150)!
Control Variables: I I I I I 1] I 1]
E'#r=($( | -0.0839%** | | -0.0226! | 0.0286! | -0.0817%*!
I I (0.032) I (0.034)! | (0.0393) I (0.0448)!
6,4<(:5+ mnmmnmy ! -0.00021 || -0.0004%%1 | | -0.0006%*1 | | 20.0005%**1
i | (0.000)! | (0.000)! I (0.0001)! I (0.0002)!
6,AGMGSH#BIInmInII | -0.0150%* I -0.0166%***1 | | -0.0144%**) I -0.0132%
i I (0.0006)! | (0.004)! | (0.0044)! | (0.0069)!
H)%KHIK, 294961111 | 0.0587%*1 | | 20.0507%%%1 | | -0.0428%1 || -0.0550!
I I (0.025)! | (0.018)! I (0.0226)! I (0.0446)!
[+F(+$=-J6,4%,@#5(9+k | 0.0113! | -0.0030! I 0.0068! I 0.0136!
I I (0.007)! | (0.0006)! | (0.0064)! | (0.0140)!
S(rastnmnmnm 0.0330%**) 0.0328*#%*] 0.0123*#%*) 0.0120%*%*) 0.0263%*%*) 0.0260%**) 0.1148*#%*) 0.1140%*%*)
nnnnmanm (0.0026)! (0.0026)! (0.0017)! (0.0016)! (0.0023)! (0.0023)! (0.0072)! (0.0072)!
"NN, Bgnnn I"+$%$J nnmr+$%%$J I"+$%8$J "+ $%%$J " +$%80 | nn+$%80 1N "+$%80 | MI"+$%%$J
1($,0!5(,NN%B%, +$#!"), H=(@+!%+!$=,1$'3- PHE'+" | " " " " " "

DO KOS, 1%+IK'), +$= # #2

QKRS2IGPKRS2EXPQKRSRS |




"B S96& (<, (*+ (-]

14 $Y0# &'()*# )+# "%&,)-+# JO1# ("# 2)3%# 456-,4%"%"# %" Yo THBSHIGH PY# Ot -2# 2)3%#
A56-,4%"%"# %" Yo T# 85# 9-T%'# <# (+T# 9-T%'# =1# ;%" 6HRYBW 1 H07 [# 2+'5tt ,A%# ,$-#
456-,4%"%"# (8-:,# ,A%# +%>(,)3%# (""-&)(,)-+# 8%,$%%+# 2(@%# ;%3)%$# ;(,)-# (+7# 4-,%'# ;(,)+>4#
>:-$, 41 (V61> H+-#":66-;, LH#(+ THSYoH>% 1#"-*Yoi-6 GY) PRIBHBY" ¥(7 /4

A+# 4)"H#"%&,)-+1# SVt 2-&:"H# -+# ,4%# 2% $H YoBEY6B,)-+"# (8-:, # 9- TV HEHY VEHIDE 7 Yo' =/#
(+7HE (8'VHOHA-SH(H&-*8)+(,)-+#-2# A%t )+, 00" " H(+T#;-8:" +%"" H&AY & @H#2- #Y%(&4H#I-T%'HS)  Att
5 A% Y -2 AY%# &-%22)&)%+,"# 8:,# *), )+># "6%&)2)&# 3(:%"1# (+TH# 4)>4)>4,)+>H# (# -
%B&YB,)-+"1#6""# A%H# 2);" # ,$-# &-'*+"#"4-$)+># $4%,4%;# A%t A56-,4%") "# 4-'T"1# CA%H# &Y6""#
>:00%0+#"A(7)+># )+7)&(, %t ,4%# +%B6%&, Y% 7# +%>(,)3%# &-%22)&) Y%+ # $), 4H#3):$H2) & (+&%01# 40
8%""# T%+-,%# :+%B6%&, % 7# 6-"),)3%# &-%22)&)%+,1# (+7# A%t >;%5# )+7)&(,%"# )+")>+)2)&(+
)J+&-+")" Yot #$), 4# A%ott* )+ %" "1 A-S+H#)+H#HO- TV </ #-:#9-FYo'H=] |

E4%+#%B(*)+)+>#,4%#%22%& #-2# ,4;%%# 9F#3(;)(8'%" 14 $%0# ; Yo & ("# SVt "4 TH#:" Yo (# &-"
(66;-(&A4H#(+THEAY&@#,A%H*(>+),:7%oH) 2##% &Y™ (;5/

G);" 1'%, H"#'--@# (,#,4%#1("OF#3(;) (8'%/# " 4-:>4# $% 4(3%# "% 3%; (‘#: +%B6%&, %6 7#+%>(,
-# 6-"),)3%¢ -1 )+")>+)2) &(+&Yo# )+ A%t -8:" + %" H# &AY&@1H - 21 8- At *-TY" 1# $%ott 2)+T# 4( 1 ,AC
2)+7)+>"1# $4)&AH )" #6-"),) 3%H () +&B%, $%Y0+# | ("OF # (+ 7# () +># - # () +>#>:-$,4# (% 1#"))"#
A-T"#(2,% #&AY%E@)+>#,4%#* (>+),: T%H#-2#%(&4#%22% &, 1#G- 1) +" A CHER T BIp#
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In addition, from the robustnessetdk of Model 3 on the first sedample, in which each
hotelmonth instance ever responded to review at least once, we found that the variable of MR
ratio has no significant correlation with hotel rating growth, though the variable is significantly
positive correlated with the level of hotel rating. This real exception offers a great perspective
to us to understand deeper about the role of managerial response. For hotels which already
employed the response strategy either from consideration of service fatavery, showing
care and gratitude to customers, or outreaching proactively to reinforce good brang<tiage
maybe not worthwhile for them to maintain a very high level of response at all costs. The
exception offers some a@nce on the guess. In the next stage, after adopting the strategy,
hotels maybe should pay closer attention to the questions about to which review, to which
reviewer, how, and who responddV/#E(+>#% #(/1#<D<DZ#[4:#% #( Mptdd<flded to
reshape the strategy and evaluate when to get the most potential benefit from the MR strategy

instead of spending too many resources onmushtaining a good responsive image.
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2017-2019
Hotel Review MR
Class Rating | Volume Vlg::::e Useful Photo Fake NFake “g:lrtd V(l)\l/[ul:ne li\;[ :?0 Interval Gle\:ll;al Mgr “C](:‘td
Bottom 1 2310 10% 23% 19% 24% 30% 140 1,409 61% 23 17% 15% 91
2 1850 8% 14% 13% 20% 40% 127 1,203 65% 23 18% 17% 92
3 3543 15% 8% 7% 18% 49% 116 2,232 63% 24 15% 17% 82
4 6522 28% 8% 8% 18% 51% 104 4,044 62% 24 15% 14% 68
5 9234 39% 8% 8% 25% 36% 87 6,556 71% 24 16% 13% 59
Bottom | Subtotal | 23,459 100% 10% 9% 22% 42% 104 15,443 66% 24 16% 14% 70
Middle 1 10024 9% 25% 25% 23% 27% 148 6,616 66% 20 38% 6% 83
2 8774 8% 15% 15% 20% 36% 147 6,142 70% 20 33% 7% 81
3 16491 15% 10% 9% 18% 46% 127 10,389 63% 20 33% 9% 75
4 29791 27% 10% 9% 18% 49% 111 12,810 43% 22 20% 10% 62
5 45594 41% 10% 10% 25% 36% 90 22,341 49% 24 14% 12% 56
Middle | Subtotal | 110,674 100% 12% 11% 21% 40% 111 58,298 54% 22 23% 10% 66
Top 1 13101 6% 37% 37% 23% 29% 167 9,171 70% 19 29% 25% 100
2 12782 6% 24% 24% 19% 37% 167 9,714 76% 20 26% 23% 98
3 23702 11% 16% 16% 18% 46% 147 15,643 66% 20 27% 23% 90
4 47643 22% 11% 11% 17% 52% 119 21,439 45% 21 20% 27% 76
5 115256 54% 11% 11% 25% 37% 90 54,170 47% 20 14% 31% 68
Top Subtotal | 212,484 100% 14% 14% 22% 41% 112 110,138 54% 20 19% 28% 78
Total 346, 617 100% 13% 13% 22% 41% 111 384,636 53% 21 20% 21% 74
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Jan 2017!

Hotel Review MR
Class Rating Volume Volume Useful Photo Fake | NFake | Word MR MR Interval General Mgr Word
Ratio Cnt Volume Ratio Mgr Cnt
Bottom 1 91 12% 5% 7% 29% 29% 144 46 51% 20 11% 9% 80
2 62 8% 0% 3% 23% 35% 117 34 55% 17 9% 6% 70
3 136 17% 1% 6% 12% 53% 117 68 50% 22 3% 12% 66
4 241 30% 0% 6% 18% 49% 105 149 62% 25 10% 5% 60
5 261 33% 0% 3% 25% 38% 90 176 67% 23 15% 2% 56
Bottom | Subtotal 791 100% 1% 5% 21% 41% 115 473 61% 21 10% 7% 66
Middle 1 138 7% 9% 7% 17% 38% 178 102 74% 23 37% 10% 91
2 134 7% 1% 4% 10% 49% 164 97 72% 24 34% 11% 91
3 307 15% 2% 8% 10% 62% 142 219 71% 23 35% 10% 85
4 617 31% 1% 6% 12% 63% 125 355 58% 25 23% 10% 68
5 809 40% 0% 9% 19% 46% 108 511 63% 32 16% 14% 61
Middle | Subtotal 2,005 100% 3% 7% 14% 52% 143 1,284 65% 25 29% 11% 79
Top 1 135 3% 8% 10% 15% 47% 220 112 83% 21 20% 20% 100
2 187 5% 1% 6% 13% 50% 218 162 87% 18 23% 23% 102
3 430 11% 2% 7% 13% 62% 184 325 76% 20 32% 26% 99
4 1,026 27% 1% 10% 11% 61% 142 699 68% 21 23% 27% 80
5 2,093 54% 1% 10% 17% 49% 108 1,429 68% 20 14% 35% 72
Top Subtotal 3,871 100% 3% 9% 14% 54% 174 2,727 71% 20 22% 26% 91
Total 6,667 100% 2% 8% 15% 52% 158 4,484 67% 22 23% 20% 85

Dec 2019!

Hotel Review MR
Class Rating Volume Volume Useful Photo Fake | NFake | Word MR MR Interval General Mgr Word
Ratio Cnt Volume Ratio Mgr Cnt
Bottom 1 49 12% 4% 16% 22% 31% 154 24 49% 17 21% 12% 88
2 34 8% 12% 12% 9% 47% 126 23 68% 20 13% 26% 106
3 47 11% 6% 2% 15% 49% 109 32 68% 17 16% 12% 77
4 90 21% 7% 4% 17% 47% 108 44 49% 19 18% 16% 60
5 199 47% 6% 4% 22% 32% 83 144 72% 19 18% 16% 59
Bottom | Subtotal 419 99% 7% 8% 17% 41% 116 267 64% 18.4 17% 16% 78
Middle 1 299 11% 31% 9% 26% 22% 141 120 40% 15 3% 4% 75
2 229 9% 21% 6% 20% 36% 146 121 53% 17 10% 8% 68
3 353 13% 10% 7% 22% 36% 116 183 52% 17 23% 8% 66
4 595 23% 8% 6% 24% 38% 95 160 27% 18 10% 8% 53
5 1141 44% 7% 7% 32% 26% 77 445 39% 18 13% 8% 51
Middle | Subtotal 2,617 100% 15% 7% 25% 32% 115 1,029 39% 17 12% 7% 62.6




Ton 1 494 9% 44% 7% | 24% | 23% 152 176 36% 17 3% 32% | 100
2 381 7% 35% 6% 18% | 31% 138 180 47% 18 4% 24% | 94
3 647 12% 23% 6% | 23% | 33% 123 287 44% 17 26% 20% | 75
4 987 18% 15% 8% | 24% | 40% 100 252 26% 19 14% 30% | 71
5 3,076 55% 13% 8% | 32% | 28% 76 1,016 33% 20 13% 31% |76

Top | Subtotal | 5,585 100% 26% 7% | 24% | 31% 118 1,911 34% 182 12% 27% |83

Total 8,621 100% 22% 7% | 24% | 32% 117 3,207 37% 17.8 12% 20% | 76

Yott.



Curriculum Vitae

Long Chen
EDUCATION

Ph.D. in Management Science, Lubar School of Business, University of Wisconsin-Milwaukee
2017-2021(expected)
Concentration: Marketing
Minor: Econometrics

Ph.D. in Accounting, Xiamen University 1999-2002
Concentrations: Management Accounting

M.S. in Accounting, Xiamen University 1996-1999

B.S. in Chemical Engineering, Hainan University 1992-1996

RESEARCH INTERESTS

Online reputation management, Online reviews, Fake review detection, Managerial responses,
Application of machine learning and deep learning methods, and Interdisciplinary research.

PEER-REVIEWED PUBLICATIONS

Huang. Z., and Chen. L., (2000), “An Empirical Study on Earnings Growth Pattern of Public
Companies in China”, Journal of Economics Research, (in Chinese)

Chen. L., and Liu, Z., (2002), “The Real Option Value in Project Evaluation”, SiChuan
Accounting Journal, (in Chinese)

Chen. L., and Liu, Z., (1998), “Comments on the Substance over Form Principle”, The Journal
of Finance and Accounting, (in Chinese)

WORKING PAPERS

Chen. L., Ghose, S., Bhatnagar, A. and Liu. Z., Fake Online Review Detection Classifiers: A
Comparative Study. In preparation for submission.

Chen. L., Ghose, S., Bhatnagar, A. and Liu. Z., Online Reviews, Managerial Responses, and
Hotel Ratings: Evidence from Tripadvisor. In preparation for submission.

TEACHING

University Wisconsin-Milwaukee, Lubar School of Business
Instructor: Undergraduate Students
Internet Marketing, 2 sections, Online, Fall 2020 - Spring 2021
Internet Marketing, 3 sections, Hybrid (online and in-class), Spring 2020
Internet Marketing, 2 sections, In-Class, Fall 2019
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Teaching Assistant:
Principle of Marketing (Dr. Grace Ambrose), Fall 2018 — Spring 2019

Xiamen University

Instructor: College of Continuous Education, Intermediate Accountant Course Trainee

Financial Management, 1 section, Fall 2000 — Spring 2001

Teaching Assistant: The Department of Accounting, Undergraduate Students

Auditing (Dr. Guirong Guo), 1 section, Fall 1998

AWARDS

Outstanding!Doctoral!Student!Teaching! Award, Lubar School of Business, UWM, 2021

UWM Fellowship, University of Wisconsin-Milwaukee, 2017-2021

The Third Prize of University Humanities and Social Sciences Outstanding Achievements, the

Ministry of Education (China), 2002
Full Scholarship, Xiamen University, 1996-2002
First-Class Scholarship, Hainan University, 1992-1996!

CERTIFICATES

CPA (Certified Public Accountant, China), since 1999
Deep Learning Specialization Certificate, Coursera, 2020

WORKING EXPERIENCE

Full-time:

China Securities Depository & Clearing Corporation, Ltd, Shanghai branch.

Part-time:
Xiamen University CPA Co., Ltd
Xiamen Capital Operation and Consulting Co., Ltd
Xiamen University

TECHNICAL SKILLS

2002-2014

1997-2001
1999-2000
1998-1999

Natural Language Processing

Create/optimize models with (un)supervised machine/deep learning methods
Financial analysis

Business data analysis

Coding with Python and R
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